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(54) Game device, and game system 

(57) A golf game device that generates a natural in- 
terest in golf without taking up a large amount of space. 
A player swings a grip which is shaped like the grip of a 
golf club. On a first monitor, a virtual club head moving 
in accordance with the movement of the grip is dis- 
played. An imaginary shaft extends from the grip, and 
the virtual club head is displayed as if it were attached 
to the end of the shaft. The player takes aim at his target 
direction (to which a ball is to be hit) by viewing scenery 
displayed on a second monitor, and hits a ball displayed 
in his underfoot view on the first monitor. The front view 
and underfoot view change according to the position 
where a virtual player stands in the game space. Ac- 
cordingly, the player can play with the sense that he is 
actually playing a golf course. 
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Description 

[0001] This invention generally relates to game sys- 
tems In which a player manipulates a virtual interface 
device within a game space, wherein a virtual interface 
device represents a real interface device that the player 
within a real space manipulates. 
[0002] in conventional video golf games used in the 
home or in video game arcades, for example, the swing- 
ing motion of an object (i.e., the golf club) in the game 
space is controlled by pushing buttons or by pullingje- 

vers - However, controlling obji^tsbyrnanipulating but- 

- tor l s 21 ,evers gives ^player.a.feeiing that the gamels 

^ not realistic, and does not provide a.game that allows a 
player to experience the real charm.of gplf , Accordingly, 
most people who play video golf games, turn out to be 
people who simple love to pjay video games." To be^in 
- ^j*"' commands-' that instrucLwhich pbjedf within the 
ij&me space is moved and in what: direction are as- 
signed to the buttons and -levers in advance. Thus,- 
movement of the object by means of the buttons and 
levers is limited by the combinations, of action patterns 
preset in the game. t 

[0003] On the other hand, golf simulation devices 
have been offered in which- a golf player can practice 
easily. However, these devices take up too much space 
and are quite expensive, and thus are not favored by 
video game arcade operators. 

[0004] In order to manipulate golf balls more naturally, 
for example, H10-214155A discloses an input device 
shaped like a golf club, in which the movement of the 
input device is detected and the swing motion thereof is 
input. An acceleration sensor is installed at the inside of 
the head, if the acceleration level of the head detected 
by the acceleration sensor exceeds a certain level, the 
input device determines that the player intends to hit a 
bail. 

[0005] However, a full swing of a golf club requires a 
large amount of space around a player, and it also re- 
quires an increase in the space in which the input device 
is set. In addition, swinging a golf club is risky at a video 
game arcade because there are often many people 
present. Moreover, in order to allow a player to naturally 
enjoy a golf game, it is not enough that a player can hit 
a golf ball by swinging a golf club. For example, in order 
to allow a player to hit a ball in a particular direction with 
a club, it is necessary to create visual factors that pro- 
vide the player with targets. In addition, when a player 
plays a real golf game, he chooses his favorite club from 
amongst a variety of golf clubs and uses it. Accordingly, 
a golf game in which he uses only one kind of golf club 
won't satisfy a golf player, and wont attract general us- 
ers other than people who simply like to play video 
games. 

[0006] Therefore, an object of the present invention is 
to provide a video game device that allows a player to 
feel the charms of a variety of different games. Another 
object of the present invention is to provide a video 
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game device that does not take up a lot of space. Yet 
another object of the present invention is to provide a 
video game device that is safe to use. 
[0007] According to one aspect of the present inven- 
tion, there is provided a game device in which a real in- 
terface device operated by a player within a real space 
is represented by a virtual interface device in a virtual 
space. The virtual interface device in the game device 
includes a virtual contact unit and a virtual operation 
unit. The virtual contact unit is a portion of the virtual 
interface device that a virtual player who manipulates 
the virtual interface device contacts in order to operate 
-the virtuaWnterface device. The virtual operation unit is 
a portion of the virtual interface device that manipulates . 
an object operated by the virtual interface device. 
[0008] The game device includes: 

; - (a) position detection means for detecting the posi- 
tion of the real interface device within the real 
space, wherein the real interface device is shaped 
like the virtual contact unit, conversion means for 
converting the detected real position of the real in- 
* terface device into a virtual position within the virtual 
space that is a virtual position of the virtual contact 
unit within the virtual space, 

(b) calculating means for calculating the virtual po- 
sition of the virtual operation unit based on the vir- 
tual position of the virtual contact unit, 

(c) operating means for moving the virtual operation 
unit within the virtual space so that its movement 
follows the movement of the real interface device 
with in the real space, which repeatedly causes the 
real position of the real interface device to be de- 
tected by the position detective means, the virtual 
position of the virtual contact unit to be calculated 
by the converting means, and the virtual position of 
the virtual operation unit to be calculated by the cal- 
culating means. 



*o [0009] Assume, for example, that the video game de- 
vice is a golf game device. The virtual interface device 
is a virtual golf club within a game space. The virtual 
contact unit corresponds to the virtual grip and the virtual 
operation unit corresponds to the virtual head. The real 
4 $ interface device is shaped like a grip of a golf club or 
that of a mini golf club that is much shorter than a golf 
club. Or suppose that the video game device is a tennis 
game device. In this case, the virtual interface device is 
a virtual tennis racket within a game space. The virtual 
50 contact unit corresponds to the virtual grip and the virtual 
operation unit corresponds to the virtual racket face. The 
real interface device is shaped like a grip of a tennis 
racket or that of a mini tennis racket that is much shorter 
than a tennis racket. Or suppose that the video game 
55 device is a baseball game device. In this case, the virtual 
interface device is a virtual bat. The virtual contact unit 
corresponds to the grip of the virtual bat and the virtual 
operation unit corresponds to the upper on third of the 
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ling means. The display controlling means of the 
game device controls the underfoot views so that 
the underfoot view stored in the underfoot view stor- 
ing means is displayed on behalf of the underfoot 
view generated by the display controlling means. s 

[0020] The underfoot view generated by perspective- 
projection transformation based on the data composing 
the game space is too rough to display it as an underfoot 
view. Thus, the playerfeels incongruous with the under- 10 
foot view if it is displayed at his feet. This is because it 
is natural foraplayerthat resolution .of an underfootview^ 
close to him is higher.than.thatof f ront view far from him. " - 
Thus, the game device stores the data "for an underfoot 1 
view in-advance and displays-it on the screen. For ex- is 
ampie, an underfoot view of a fairway is" displayed if the 
virtual player is on. a- fairway, and an underfoot view in " " 
a bunker is displayed if : the virtual playerjs" in a bunker. 
[0021] ^Preferably, in a game device embodying the " 
"present invention, the game device further includes: 20 

(a) display controlling means for displaying an un- 
derfoot view and a front view by utilizing the display- 
ing means and the front displaying means, wherein 
the views are from the virtual player's viewpoint 25 
(hereinafter, virtual viewpoint) that is calculated 
based on the virtual position of the virtual contact 
unit, 

(b) view controlling means for shifting the viewpoint 
for catching the front view from the virtual viewpoint, 30 
wherein the shift is executed whether the front view 
is close to or far from the virtual player. The game 
device shifts the viewpoint position for the front view 
when the virtual player is at the tee and looks in the 
direction of the green, and when the virtual player 35 
on a green and looks in the direction of the cup. This 
is in order not to have the player feel incongruence 
when the underfoot view and the front view are con- 
nected. The view controlling means preferably 
shifts the viewpoint for the front view to a point that 40 
is continuously connected with the underfoot view 
from the virtual viewpoint when the front view is 
close to the virtual player. Accordingly, if a front view 
is close to the virtual player, a front view is displayed 
that is continuous with the underfoot view from the 45 
virtual viewpoint. 



[0022J Preferably, in a game device embodying the 
present invention, the position detecting means further 
includes: 

(a) at least a pair of light-detecting means for de- 
tecting light from light emitting means or light reflect- 
ing means, and measuring means for measuring 
the position of the light emitting means or the light 
reflecting means and outputting the measurement 
result to the conversion means, wherein the light 
emitting means and/or the light reflecting means are 
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installed in or on the real interface devfce. 

[0023] Preferably, in a game device embodying the 
present invention, the calculating means determines the 
virtual position of the virtual operation unit by regarding 
it as a position at which a straight line intersects with the 
ground of the virtual space, wherein the line goes 
through the virtual position of the virtual contact unit, and 
is at an angle (hereinafter, virtual inclination angle <j>) 
with a standard plane in the virtual space. 
[0024] Assume, for example, a golf game device. The 
.yirtual.inclination angle * may be an average value of 
the angle between the angle at which a golf club is nor- 
mally held by an ordinary golf player and the ground. Or 
the virtuaf inclination angle 4 may be the angle between 
ififtHS?^ that a g r 'P-type real interface device is nor- 
mally held by an ordinary player and the floor. In a tennis 
9«n§ device, the virtual inclination angle 4 may be an 
average value of the angle between a tennis court and 
the positron of the grip when an ordinary tennis player 
hits a tennis ball. 

[0025] Preferably, in a game device embodying the 
present invention, the video game device further in- 
cludes inclination detecting means for detecting an an- 
gle (hereinafter, real inclination angle) between the real 
interface device and the standard plane in the real 
space. The calculating means of the game device cal- 
culates the virtual position of the virtual operation unit 
by regarding the real inclination angle detected as the 
virtual inclination angle 4. An example of an inclination 
detecting means includes a three-axis acceleration sen- 
sor installed in the grip-type real interface device. 
[0026] Preferably, in a game device embodying the 
present invention, the inclination detecting means cal- 
culates the real inclination angle of the real interface de- 
vice based on signals outputted from an acceleration 
sensor installed in the real interface device. 
[0027] The angle between the real interface device 
and the floor surface, and the angle between the real 
interface device and a certain direction on the floor sur- 
face, can be detected by utilizing an acceleration sensor 
such as three-axis-acceleration sensor. 
[0028] Preferably, in a game device embodying the 
present invention, the game device further includes: 

(a) trajectory storing means for storing the virtual 
positions of the virtual operation unit taken at pre- 
determined time intervals AT 1 , 

(b) area determining means for determining wheth- 
er the latest stored virtual position of the virtual op- 
eration unit is in a hit area in which the object oper- 
ated by the virtual interface device exists, 

(c) stay determining means for determining whether 
the virtual operation unit has been in consecutive 
existence for a prescribed stay time Ts or more, 
based on the virtual positions stored, when the lat- 
est virtual position of the virtual operation unit exists 
in the hit area, and 
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addressing means for determining that the player 
is addressing the ball when the virtual operation unit has 
been in consecutive existence in the hit area for the pre- 
scribed stay time Ts or more. 

[0029J Take, for example, a golf game. The hit area is 
a circle having a radius r and having a golf ball placed 
in the center thereof. If the virtuai head has been in con- 
secutive existence in the hit area for a prescribed stay 
time Ts or more, the player is regarded to be addressing 
the ball. The hit area may become larger or smaller ac- 
cording to kinds of the virtual golf club used.Forjexam- 
__pte, JhQ hit area becj^esjsmaller if theKvirtual golf club 
-^-is changed from a : dnyer>to an iron, or a putter. Ordinary 
golf players are supposed to ^ange their swings ac- 
cording to the kin.0 of golf clubs, used. Accordingly, set- 
ting hit areas con^ondjng. to. the kind of golf clubs 
used allows a game : pl^rer:usi.ng .the ^ grip-type real in-/ 
in terfacedevice tc^ngLwrt^ incongruityr 
.Likewise, the game L-d^yic^. determines , the player is 
ready to hit the bajljn a tennis game device and the like. 
[0030] Preferably* in ^ game device embodying the 
present invention, the game device further includes: 



area based on the data stored in the trajectory stor- 
ing means, when the operation determining means 
determines that the player has manipulated the ob- 
ject, and 

(b) trajectory calculating means for calculating the 
trajectory of the object, based on the trajectory of 
the virtual operation unit. 



(a) passage determining means for determining 
whether the virtual operation unit has passed 
through the hit area when the player is addressinq 
the ball, 

(b) speed determining means for determining 
whether the passage time is at or below the pre- 
scribed passage time Tp when the virtual operation 
unit has passed through the hit area, and 

(c) operation determining means for determining 
whether the player has manipulated the object by 
means of the virtual interface device when the pas- 
sage time is at or below the prescribed passage 
time Tp. 

[0031] Take, for example, a golf game situation in 
which the virtual head has passed through the hit area 
with a speed faster than the prescribed speed after the 
player 4 s address. In this case, the player is regarded to 
have hit the ball. If the passage speed is too slow, the 
player is regarded to have made a practice swing or that 
he has made a movement that is unrelated to his swing. 
Then, the ball is not moved and remains in place. The 
prescribed passage time Tp may fluctuate correspond- 
ing to the kind of virtual golf clubs used. For example, 
the prescribed passage time Tp is set to be relatively 
short for a driver and it is set to be relatively long for a 
putter. Controlling the prescribed passage time Tp in 
consideration of the differences between the different 
swings used with various kinds of golf clubs allows the 
player to swing naturally with the real interface device. 
[0032] Preferably, in a game device embodying the 
present invention, the game device further includes: 

(a) trajectory determining means for determining 
the trajectory of the virtual operation unit in the hit 



[0033] The trajectory calculating means moves the 
10 ball if the operation determining means determines that 
- the ball was hit, even though the trajectory of the virtual 
Jiead may not have hit the golf ball. The trajectory of the 
ball is calculated based on the swing direction. In other 
words, it is calculated based on the trajectory of the vir- 
15 -tual head. 

[0034] . .Preferably, in a game device embodying the 
. present invention, the real interface device and the vir- 
, r tual interface device is configured to be somewhat long 
* and the game device further includes: 

20 

(a) twist detecting means for detecting the angle at 
which the real interface device is twisted from a 
standard position around the longitudinal axis of the 
real interface device, 
25 (by trajectory determining means for determining 
the trajectory of the virtual operation unit in the hit 
area based on the data stored in the trajectory stor- 
ing means, when the operation determining means 
determines the player has manipulated the object, 
30 and 

(c) trajectory calculating means for calculating the 
trajectory on which the object has moved, based on 
the trajectory of the virtual operation unit and the 
twist angle detected. 

35 

[0035] In a golf game, for example, the trajectory cal- 
culating means calculates the trajectory of the ball in 
consideration of the twist angle, i.e., the direction of the 
face of the virtual head, in addition to the swing direction. 

40 In a tennis game device, the trajectory calculating 
means calculates the trajectory of the ball in considera- 
tion of the direction of the racket, which is changed when 
a player slices or drives. Moreover, the operation deter- 
mining means determines that the player has manipu- 

45 iated the object when the twist angle is within the pre- 
scribed twist angle and the passage time is in the range 
of the prescribed passage time Tp. In other words, the 
operation determining means determines the player 
didn't hit the ball if he has twisted the grip-type real in- 

50 terface device too much, even though the player had 
addressed and had swung at the speed that is faster 
than the prescribed speed. Likewise, the operation de- 
termining means determines that the player didn't hit the 
ball if he had twisted the virtual tennis racket too much 

55 in a tennis game device. 

[0036] Preferably, in a game device embodying the 
present invention, the operation determining means de- 
termines the player has manipulated the object when 
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the distance between the trajectory of the virtual opera- 
tion unit and the object is in the range of a permissible 
gap and the passage time is at or below the prescribed 
passage time Tp. 

[0037] The operation determining means determines 5 
that the player has swung and missed if the trajectory 
of the virtual head missed the ball by too much, even 
though the virtual head had passed through the hit area. 
This is because it will not feel realistic to a player if the 
ball has moved in such situations. Likewise, in a tennis 10 
game device, the operation determining means deter- 

. r *?ke\ face missed toe. ball^by too, much, even though. - 
the virtual racketfacahaspassed through the hit area. 

_j;Th$ range of permissible gap in the golf game can r 'is' 
change with the kind of the yirtuaj golf ,qluj)s used. -Take, 

:;r f ? r e)canfiple ' a srtuatlon-in 1 wh|ch/the player.'swingsla. ..1 . 

:: : 4 riv 5 r .? n . d vlrt ^ fl?^ hjtetbi^ \ ' 

... Intfiissit^ 

wide because the player will not notice the gap between 20 
the bail and the virtual head trajectory. On the.contrary, 
take a situation in which the player swings a putter. A 
putter is swung slowly "and the player can catch the 
movement of the virtual head at the moment he hits the 
ball. Thus, the range of the allowable gap is nearly zero 2s 
for a putter. Otherwise, the player feels incongruity. 
[0038] According to another aspect of the present in- 
vention, there is provided a game method for use in a 
game device in which a real interface operated by a 
player within a real space is represented by the virtual 30 
interface device within a virtual interface device. 
[0039] According to another aspect of the present in- 
vention, there is provided a game program that causes 
a computer to execute each of the steps of the method 
cited above. Further, computer-readable storage media 35 
on which this program is recorded are also included in 
the scope of the present invention. Examples of com- 
pute-readable recording media include, but are not lim- 
ited to, flexible discs, hard discs, semiconductor mem- 
ory, CD-ROMs, DVDs, magnet-optical discs (MOs), and 40 
other computer read/writeable recording media. 
[0040] According to another aspect of the present in- 
vention, there is provided a game system in which a real 
interface device operated by a player within a real space 
is represented by a virtual interface device within a vir- 45 
tual space. 

[0041] These and other objects, features, aspects 
and advantages of the present invention will become ap- 
parent to those skills in the art from the following details 
description, which, taken in conjunction with the an- so 
nexed drawings, discloses a preferred embodiment of 
the present invention. 

[0042] Reference will now be made, by way of exam- 
ple, to the accompanying drawings, in which: 

55 

Fig. 1 is a block diagram illustrating the configura- 
tion of a golf game system according to a first em- 
bodiment of the present invention; 



Fig. 2 is an outward appearance of a golf game sys- 
tem which employs the golf game system illustrated 
in Fig. 1; 

Fig. 3 is a grip type interface device used in the golf 
game system illustrated in Fig. 2; 
Fig. 4 shows the player playing the golf game sys- 
tem illustrated in Fig. 2; 

Fig. 5A and 5B shows an example of how to count 
the player's score in the golf game system illustrat- 
ed in Fig. 2; 

. Fig. 6 shows the relationship between a sensor co- 
: , ordinate system and a player coordinate system in 

the golf game illustrated in Fig. 2; 
Fig. 7 shows the relationship between the player co- 
ordinate system and a game space coordinate sys- 
■r.'!W?J n tne 9 off g 3 " 16 system illustrated in Fig. 2; 
- !f '9r 8 is an example of a screen displayed in the 
, golf r game system illustrated in Fig. 2 that allows a 
player to select a number of players; 
Fig. 9 is an example of a course selection screen 
- displayed in the golf game system illustrated in Fiq 
2;. 

Fig. ,1 0 is an example of a front view screen dis- 
played in the golf game system illustrated in Fig. 2; 
Figs. 1 1 is an example of another front view screen 
displayed in the goif game system illustrated in Fig. 
2, in which a golf ball is hit and goes airborne; 
Figs. 12 is an example of another front view screen 
displayed in the golf game system illustrated in Fig. 
2, in which the front view is toward a cup from the 
viewpoint of a virtual player on a green; 
Fig. 13 is an example of a screen displayed in the 
golf game system illustrated in Fig. 2, in which a 
player at a mid-point of a course is playing; 
Figs. 1 4 is an example of an ordinary underfoot view 
displayed in the golf game system illustrated in Fig 
2; 

Fig. 15 is an example of an underfoot view of the 
rough displayed in the golf game system illustrated 
in Fig. 2; 

Fig. 1 6 is an example of an underfoot view of a bun- 
ker displayed in the golf game system illustrated in 
Fig. 2; 

Fig. 1 7A and 1 7B show how to correct a front view 
in situations in which the front view from the virtual 
viewpoint is far from the virtual player; 
Fig. 18A and18B show how to correct a front view 
in situations in which the front view from the virtual 
viewpoint is close to the virtual player; 
Figs. 19 shows a head position table in the goif 
game system illustrated in Fig.2; 
Fig. 20 is an example of a head display screen dis- 
played in the golf game system illustrated in Fig. 2, 
in which the player has twisted the grip-type inter- 
face drive and the head of a driver follows it; 
Fig. 21 is an example of anther head display screen 
displayed in the goif game system illustrated in Fig. 
2, in which the player has twisted the grip-type in- 
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terface device and the head of a 5-iron follows it; 
Fig. 22 Is an example of another head display 
screen displayed In the golf game system Illustrated 
In Fig. 2, in which the player has not twisted the grip- 
type interface device and the head of a putter fol- 
lows It; 

Fig. 23 is an example of a screen displayed in the 
golf game system illustrated in Fig. 2, in which the 
trajectory and speed of the virtual head is displayed; 
- Figs. 24A, 24B, 24C, and 24D show how to deter- 
mine whether the. virtual golf club has hit the qolf 
_ .ball;. _ , ... . . 

v: rig.. 25 shows a/flowchart that illustrates the main 

process in the golf game system illustrated in Fig. 2; 
.. : . . R 9-. ?6 shows a flowchart that illustrates a hole sub, 

routine process In the golf game system illustrated 

in.Fig.2; "* ; 

?9y 27 shows a flowchart that illListrates'a hiVdeter. 
: -mining process in the. golf game system illustrated 

in Fig. 2; - ' 

Fig. 28 is an oblique view of the outward appear- 
ance of a tennisgame system which employs the 
game system illustrated in Fig. 1 ; 
Fig. 29 is an example of a screen displayed in the 
tennis game system illustrated in Fig. 28, in which 
the view from the viewpoint of the virtual player who 
stands near the base line is displayed; 
Fig. 30 is an example of a screen displayed in the 
tennis game system illustrated in Fig. 28, in which 
the view from the viewpoint of the virtual player who 
stands near the net is displayed. 



[0043] Embodiments of the present invention will now 
be described with reference to the accompanying draw- 
ings. 

First Embodiment 

1 . Configuration Of The Game System 

[0044] Fig. 1 is a block diagram illustrating a golf game 
system 1000 according to a first embodiment of the 
present invention. The golf game system 1 000 includes 
a control section 1 , an image processor2, an audio proc- 
essor 3, a semiconductor memory 4, an operating sec- 
tion 5, a position detector 6, and an inclination detector 
7. 

[0045] The control section 1 includes a CPU 1 0, ROM 
18 and a RAM 19. The CPU 10 conducts a number of 
functions based on an operating system (OS) stored in 
the ROM 18 and on game data stored in the RAM 19. 
The OS stored in ROM 18 controls each portion of the 
golf game system 1000. The RAM 19 is used as a work 
area that temporarily saves various game data which is 
read out from the semiconductor memory 4 as needed. 
[0046] The image processor 2 includes a GPU 
(graphics processing unit) 21 , a frame buffer 22, and two 
monitors 23a, 23b. Based on calculations made by the 



CPU 9, the GPU 21 writes CG images made up of pol- 
ygon combinations Into the frame buffer 22, and are 
temporarily stored in the frame buffer 22. The CG imag- 
es stored in the frame buffer 22 are read out and dis- 
* played on the monitors 23a, 23b. Continuous process- 
ing and storing of CG Images into the frame buffer 22 
by the GPU 21 results in the display of an animated CG 
image on the monitor 23a, 23b. 
[0047] The audio processor 3 includes an SPU 
(sound processing unit) 31 and a speaker 32. The SPU 
31 plays music and sound effects based upon music da- 
ta and a variety of sound effects data stored in the sem- 
iconductor memory 4. 

I9.fM?J . Game data and a various game data are re- 
's corded in the semiconductor memory 4. 

-[0049] The operating section 5 includes a real inter- 
- .. ^ ace ^^ ce 51 shaped like a grip of a golf club and a 
' controller 52. The grip : type real interface device 51 is 
an input means that a player in the real space R swings 
20 in order to hit a golf ball (the object) within a game space. 
The light emitting unit 53, and an acceleration sensor 
54 which detects the acceleration of the grip type real 
interface device 51 , are installed in the grip-type real in- 
terface device 51 . A marker can be utilized on behalf of 
25 the light-emitting unit 53. An example of the controller 
52 is buttons configured in the golf ball system 1000. 
The controller 52 is an input means that the player ma- 
nipulates in order to select the number of players, the 
level of golf courses, the kinds of golf clubs to be used 
30 and the like. 

[0050] The position detector 6 has a function that de- 
tects the position of the light-emitting unit 53 of the grip- 
type real interface device 51 . The position detector 6 
employs, for example, a pair of light sensors 61a, 61b 
35 for detecting the light emitted from the light-emitting unit 
53, and sensor controlling unit 62. The sensor control- 
ling unit 62 determines position data that indicate the 
position of the grip type real interface device 51 within 
the real space R, based on the light detected, and sends 
40 the position data to the control section 1 . The position 
data sent to the control section 1 , for example, are ex- 
pressed in three-dimensional coordinates in the real 
space R, numbers representing sub-spaces subdivided 
from within the real space, or another type of coordinate 
4 $ system known to one of ordinary skill in the art. 

[0051] Instead of the aforementioned light-emitting 
unit 53 and light sensor 61a and 61b, it is aiso possible 
to utilize ultrasound signal-emitting means and a pair of 
ultrasound signal, sensors that receive the sound sent 
50 by the ultrasound signal-emitting means. Moreover, in- 
stead of the aforementioned light-emitting unit 53 and 
light sensor 61a and 61b, it is also possible to utilize 
markers and CCDs. 

[0052] The inclination detector 7 detects the twist an- 
55 gle 6 and the inclination angle <)> of the grip-type real in- 
terface device. The twist angle 6 is the angle at which 
the grip-type real interface device is twisted from a 
standard position around its longitudinal axis. The incli- 
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m &n ? . JT een th8 flrifHype rea ' emitt,n 9 unit 201 18 a «P«»te sample of the position 

SSSlStL 8 8 ^ P ' ane - ^ ^ an9,e fr0m whteh the "9 ht emrtted is not blocked by the play" 
6 and the inclination angle * are not necessarily detect- efs hand. Cover203 is composed of a clear material so 

I T-Z!** a " 0WS thS P ' ayer thatthelightsensors 102aand 102b oanSSSS 

1£! ?! 9ame ^ ^ ' nC,,nati0n deteCt ° r 7 5 em,tted from *• "ght-emlttlng unit 201 . The light emit 

SfiS £ ""I* ^ ana, °9 /di 9 ital •""■»•' «* 201 is not particularly limited, but may for ex- 

(ADC) 71 for converting analog signals from the three- ample include LEDs that emit infrared ight Because of 

ax.sacceleratlonsensor54insta.ledinthegrip-typerea. the directionality in the orientaTn of he lighTT^ 

interface device 51 into digital signals, and an input in- from LEDs, the Hght-emitted unit 20 Ms pre 

terface^forinputtingsignaMromtheADCri intothe w posed 0 f a pluraifty of LEDs. A threVaxT^aZ 

. s ensor202isinstelledonthelongitudinalaxisofthegrip 

2 An Examnifi n, ^^, " ' ~r..m inside the tip of the body 210. The position of the 

; .^2. An Example Of. A Game System three-axis acceleration sensor 202 is not limited to the 

"»i nuli-ufliTk rs " "o • • ' ax's of the grip 200. The three-axis sensor 202 detects 

2-1 . Overview Of The Game System ; » the angle between the grip 200 and the floor, and the 

-riftMi cu u, • ' , --: r JpteWon.angle at which the grip 200 rotates around the 

i° n °,! 31 f F 'S-2»an .oblique view of the outward appear, ./^ftfti. grip 200. and outputs analog signals cone 

-SStfSS t ^ 00,sem P ,o y ed ^g6lfgame.sys-.... digital signals by ADC 71 in the game device 100, and 
l^TnterfaL h the game device 1 00 and a grip-type 26 inputted into the CPU 10 by the input interface 72 

tSSS^ZZ ( TT referred t0 88 9riP is 3,50 P° ssible 10 det ^ ^e power of the 

. 200) that serves one example of a real interface device movement or the inclination angle 4, of the grip 200 by 

mne .. «_ T unitizing [the acceleration sensor 202. What is detected 
[0054] Two monitors 101a and 101b for image output depends on the process executed in the golf game sSs 

.orfZff ° n,he T e H e r 1 ° 0COnSO,e Them ° n - 25 tem 2000 ' and whteh ™ da * to be SSdSSl 
.tor 10 a faces upward and the monitor 1 01b faces out- on the purpose of the process. For example the power 
ward at an ob .que angle. Both monitors 101a and 101b of the movement is detected in ordertoTete^t the swTna 

^ZK^lTft"^^* - **^ ^ d ofthegnp200.andthelnc.^ 

who stands in the front of the game device console. The tected for other purposes 

front side of the game device 1 00 is the side at which 30 

footmarks 1 09 are indicated. The footmarks 1 09 indi- 3. Overview Of The Golf Game 
cate the player's standard position. Hereinafter, the ar- 

rSfntf T 9ame SySt6m 2000 Wi " be 6X - [0058 J Next,anoverviewofagolfgameplayedonthe 

?09 Tnd TiZ^I'TZ^^™^ 10 *^ golf game system 2000 will be explained using Rgs t 

iS£ ^ d ac ' n 9 thefront ° fthe g amed evioe100. 35 and 4 to 24. Fig. 4 shows a player playing the golf game 

[0055] Light sensors 102a and 102b. which are only In this golf game, utilizing the grip 200 the player as 

one example of sensors included in the position detector shown in Fig. 4, swings the grip 200 in o d^to Wt a Q oS 

6 are installed on the left and right of the monitor 1 01a. bail within the game'space 9 G with a £ 

^^-•^^•^^^"•.flBhtamlltod (hereinafter, refer to as a virtual club). The virtua l 

o7thi ^nT" 9 Un,t ,nSta,,6d ° n 8 C6rtain P ° Siti0n 40 is com P° sed * tne virtual grip (virtue contac unrt tr 

^steLd on 1 T •? SP rT rS 1058 and 1 ° 5b ^ tUa ' head < Virtual °« Jeration uni <> a " d virtual lhaf! The 

I^«Tt^2^r!?i? H m0n ' tOr 1013 8nd thS virtua '9ripinthegame S paceG;epresentsthegrip200 

left s.de of the mon.tor 101b, and serve to output game The virtual head and the golf ball are displayed on the 

ESSST dmuSICandsoundeffectstot n a P'^ But. monitor 101a as well as the underfoot vtw from Je 

devU fon ! Tl ^ ,6ft POrti ° n ° f the 9ame 45 viewpoint of thevirtua, playerwithin the gamespaTeG 

menuth^ h f „ * "** fr0m & The movement of the virtual heed follows the movement 

!L a £ JnS ° n T K° r 101 • bUtt ° nS ° f ,he «*» 200 98 if * is con "^ ad with the grip 200 by 

1 a ! X8mPle °' the COntr0 " er 52 de " an invisible shaft - A front view from the viewpoint of the 

the s^ virtual P |a V- « a on the monitor 101b. "Front" 

accit coins I T 6 ' ! nd SS,VeS t0 50 meanS the direction in whicn the 9°" bal1 s h°"'d be hit. 

t^anSe " P ^ " l ° ^ ° n the m ° nit0r 101b ' the number of the h ° la °™9 

P'ayed, the par number of the hole, the player's score 

2-2 The Grip (hereinafter, referred as to life), the distance between 

the position of the golf ball and a green, how many play- 

r0056i Pin <* «h««,c ,h„ a » •■ w . 55 ers are P |avin 9. the order of the player within a group. 

V ■ f> 9 ■ 3 showsthedeta "ed structure of the grip and the like are displayed as well 

fs h ^ o?« lt !" 9 " nit 201 iS inSta,led inside the li P of [0059] Prior to beginning the game the plaver mav 
the body 210 of the grip 200. The position of the light- select the number of'p.aye's who'w^oin the'gamela 



15 



EP1 306112 A1 



16 



may also select the difficulty level of the courses. The 
virtual player goes around each hole within the game 
space G under the control of the golf game system 2000. 
The player's initial life at each hole is set, for example, 
to be three points, and his life increases or decreases 
in accordance with the performance at each hole. In this 
golf game system 2000, time limit for one shot is set in 
order to progress the golf game smoothly. If the time that 
was spent with a shot is over the time limit, one point is 
deducted from the player's life. Fig. 5 shows an example 
of how to count the performance of the player in the golf 
game system 29jC}iQ..Xhe > cojiversion tabJe in . Rg.~ 5A 
shows that one bogey isconyerted to minus one point, ! 
double bogey is Qgnvertedta minus twapoints, one bird- 
ie is converted to plus one .BPjnL and an. eagle .is. con-, 
verted to plus two^points. T^e player's performance at 
each hole (hereinafter; scdre) is converted into score " 
. points and is added,to^e^ 
the player's i^e -atTMiAJ^Ie lsTtheI.8um " of "the" aooro ■ 
points, the time deduction points and the initial life. Fig. 
5B shows the total points, that. is. the sum of the life, at 
each hole decides the game. 

3-1 Coordinate Conversion 



[0060] Figs. 6 and 7 show the coordinate conversion 
concept utilized for the golf game system 2000. Three- 
spatial coordinate systems are assumed in the present 
golf game system 2000. The first is a sensor coordinate 
system that utilizes the light sensors 1 02a and 1 02b as 
references to establish the position within the real space 
R with three-dimensional coordinates. The second is a 
player coordinate system that utilizes the player as a ref- 
erence to establish the position within the real space R 
in three-dimensional coordinates. The third is the game 
space coordinate system that establishes the position 
within the game space G in three-dimensional coordi- 
nates. 



3-1-1 . Conversion From A Sensor Coordinate System 
Used in The Real Space R To A Player Coordinate 
System 

[0061] Fig. 6 shows the relationship between the sen- 
sor coordinate system and the player coordinate sys- 
tem. A cuboid whose boundaries are detectable with the 
light sensors 102a and 102b is assumed to be the real 
space R. The cuboid assumed as the real space R in 
the present example hovers 50 cm above the floor sur- 
face, which is the height of the foot marks 1 09. The real 
space R also comes in contact with the light sensors 
1 02a and 1 02b, and is disposed on the front of the game 
device 100. The height of the cuboid is 200 cm, the 
depth is 200 cm, and the width is 150 cm. The size of 
the cuboid is set to be within the sensing capability of 
the light sensors 1 02a and 1 02b, and to be large enough 
to accommodate a player's movements. 
[0062] The sensor coordinate system will be ex- 



plained first. The sensor coordinate system is a system 
of coordinates in which a vertex Sq corresponding to 
light sensor 1 02b is the origin, an imaginary line that ex- 
tends from the light sensor 1 02b to the light sensor 1 02a 
5 is the x-axis, an imaginary line that extends up from the 
light sensor 102b is the y-axis, and an imaginary line 
that extends out from the front of the game device is the 
z-axis. Each edge of the cuboid representing the real 
space R in the sensor coordinate system is divided into 
10 256 spaces, whose coordinates are expressed as val- 
... ues from 0 to 255. For example, the coordinates of the 
vertex S 4t which corresponds to light sensor 102b, will 
; : - be (255,0, 0) in this system. 

- • [0063] Next, the player coordinate system will be ex- 
, I* . plained Jn this example, the origin P 0 in the player co- 
ordinate system is a position in the middle of the foot 
/ ^?!l<s 1J?9. Assume, for example, that the position is at 
the.front.of the game device 100, 60 cm further to the 
front of the game device, and 50 cm from the floor sur- 
20 face. Then, an x -axis, a y'-axis, and a z -axis extend in 
the same respective directions as the x-axis, y-axis, and 
z-axis in the foregoing sensor coordinate system. Each • 
coordinate axis is scaled with 1 cm increments. In this 
player coordinate system, the coordinates of a point P 3 
25 where the y -axis intersects with the lower plane of the 
real space R will be (0, 50, 0). Likewise, the coordinates 
of a point P 2 where the y -axis intersects with the upper 
plane of the real space R will be (0, 250, 0). 
[0064] As an example in which sensor coordinates 
30 are converted into player coordinates, consider the ori- 
gin S 0 in the sensor coordinate system. The sensor co- 
ordinate system origin S 0 (0, 0, 0) will be expressed as 
(-75, 50, -60) in the player coordinate system. Likewise, 
the sensor coordinate system vertex S 1 (255, 0, 0) that 
35 corresponds to the light sensor 1 02a will be expressed 
as (75, 50, -60) in the player coordinate system. 

3-1-2. Conversion From The Player Coordinate System 
To The Game Space Coordinate System 

40 

[0065] Fig. 7 shows the relationship between the play- 
er coordinate system and the game space coordinate 
system. The game space G is a virtual space in which 
the golf game is played, such as a virtual golf course or 

*5 other area, and is a predetermined size that is set by the 
golf game supplier. A hypothetical game space G might 
be a cuboid 2000 m wide, 2000 m deep and 200 m high, 
for example. Taking the origin G 0 (0, 0, 0) to be in the 
middle of one of the lower edges of the cuboid, an x -axis 

5 o extends along the lower edge of the cuboid in which the 
origin G 0 is placed, a z -axis extends perpendicular to 
the x -axis and along the bottom of the cuboid, and a y 
-axis extends upward perpendicular to the x -axis and 
the z-axis. Each coordinate axis is scaled with 1 m in- 

55 crements. 

[0066] The relationship between the player coordi- 
nate system and the game space coordinate system is 
that the y-axis and the y -axis extend in the same direc- 
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tion, while the x-axis and the x-axis, and the z-axis and 
the z-axis, both extend in a parallel, but opposite, direc- 
tion with respect to each another. 
The origin Gq in the game space coordinate system and 
the origin P 0 in the player coordinate system are the 5 
same when the game starts. Thereafter, the virtual play- 
er h its the golf ball, goes arou nd the course and advanc- 
es or turns, the origins in the game space coordinate 
system and the player coordinate system gradually di- 
verge. When the two origins are equal, the coordinates io 
(-75, 50, -60) in the player coordinate system, which is 
. „the origin S 0 in the. sensor, coordinate system; : will b& 
" 175, 250 t 60) in the: gamej.space-coordinate system. It 

should be noted that the conversions described above 

- : for the coordinate systems are no more than , a single is 
example, and the coordinate system conversions can 
be generally performed utilizing a known method.as an 
: affine trarisformationv : : . . -. , " 

[0067] , : Jn the present golf game system 2000, the po- - 
sitions of the point Q on the tip of the grip 200 in the real 20 
space f? is specified in the sensor coordinate system, 
and these coordinates are subsequently converted into 
the player coordinate system (Q*) and further into the 
game space coordinate system (Q"). Moreover, the po- 
sition where a straight line intersects with the ground 25 
with in the game space G is specified. The line goes 
though the position Q M and is at an inclination angle <j> 
with x"-y a plane. The display position of the virtual head 
on the monitor 1 01 a is determined by making a perspec- 
tive-projection transformation of the coordinates in the 30 
game space coordinate system, and the virtual head is 
then displayed. This coordinate conversion allows a 
player to play a golf game without sensing incongruity 
between real space and the game space, while he feels 
an invisible shaft extends from the grip 200 in his hand 35 
and connects with the virtual head displayed. 

3-2 Processes Performed By The CPU 

[0068] Referring again to Fig. 1 , the process which the 40 
CPU 10 performs will be now explained. The CPU 10 
includes player number selection means 11 , course se- 
lection means 12, display control means 13, club section 
means 14, head display means 15, hit determination 
means 16, sound control means 17, and status deter- 45 
mination means 1 8. 

[0069] Between 1 and 4 players can be selected with 
the player number selection means 11 . Fig. 8 is an ex- 
ample of a player number selection screen that the play- 
er number selection means 11 displays. The player se- so 
lects the number of the players by pushing the buttons 
106 installed on the game device 100. 
[0070] A course which corresponds to the difficulty 
level is selected with the course selection means 12. 
Fig. 9 shows an example of a course selection screen ss 
that the course selection 12 means displays. The selec- 
tion of the course is performed with the buttons 106 in- 
stalled on the game device 100. This figure shows that 



a beginner course Is selected. The courses within the 
game space G (not shown) are stored in the ROM 18. 
[0071] The display control means 13 displays views, 
on the monitor 101a and 101b, from the game space 
coordinates (virtual position) of the virtual player. The 
monitor 101b basically displays a front view from the 
viewpoint of the virtual player within the game space G 
(virtual view point). The virtual position of the virtual 
viewpoint is specified based on the virtual point of the 
virtual player. The image data for the front view can be 
generated based on the data that compose the game 
space G: Fig. 10 shows an example of a front view 
screen. This screen shows a front view spreading out in 
front of the virtual player on a tee. Fig. 11 shows another 
example of a front view screen, which enlarges a flying 
golf ball and the scenery around the ball. Fig. 12 shows 
another.example of a front view screen in which a view 
ispreading out in the direction of a cup from the virtual 
.player on a green is displayed. Fig. 13 is an example of 
a screen that displays the scenery the virtual player 
plays in the middle of the course. In this way, playing 
scenery, in which the virtual player representing the 
player plays, can be displayed as well as the scenery of 
the course. Displaying the playing scenery when the vir- 
tual player moves to the next course helps the player to 
understand his position in the course and to have a fee- 
ing that he is actually going around the course. 
[0072] The monitor 101a displays a view at the foot of 
the virtual player. This underfoot view is from the virtual 
viewpoint of the virtual player. The image data for an 
underfoot view can be generated based on the data 
composing the game space G. However, an underfoot 
view is much finer than a front view in the real world. On 
the other hand, the resolution of an underfoot view that 
is generated with the game space data is almost same 
as that of a front view. Accordingly, that kind of underfoot 
view seems to be rougher than the underfoot view that 
a player sees in the real world. This lessens the feeling 
of reality for a player. Thus, it is preferable that image 
data for an underfoot view whose resolution is higher 
than that of the front view are stored in the ROM 18 in 
advance, and the monitor 1 01 a outputs the image data. 
Fig. 14 shows an example of an underfoot view screen 
which displays the standard view. Fig. 15 shows another 
example of an underfoot view screen which displays a 
rough view. Fig. 16 shows another example of an un- 
derfoot view screen which displays a bunker view. The 
standard view is displayed when the virtual player is on 
a fairway or a green. The rough view is displayed when 
the virtual player is in the rough. The bunker view is dis- 
played when the virtual player is in a bunker. As shown 
in Fig. 14 to 16, a plurality of underfoot views corre- 
sponding to the ground on which the ball lies within the 
game space G are preferably stored in the ROM 18. 
[0073] The display control means 1 3 switches display 
modes whether a front view is far from or close to the 
virtual player. More specifically, the display control 
means 1 3 corrects a front view if it is close to the virtual 
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player so that the player will not feel Incongruity with an 
underfoot view and a front view that are connected. Fig. 
1 7 shows how to display views when a front view from 
the virtual viewpoint is far from the virtual player. An ex- 
ample of a far front view is a front view that spreads out 
in the direction of a green from the virtual viewpoint of 
the virtual player who stands on a tee. Fig. 17A shows 
the front view from the virtual viewpoint is not continuous 
with the underfoot view from the virtual viewpoint. Fig. 
1 7B shows the two discontinuous views are connected 
are pb&PVqlon the adjacent monitors J 0.1 a and 
,1 01 b. The monitor 1 01 b displays the front view, and the 
monitqnioia dispteys the underfoot view. Take, for ex- 
ample, a situation in which a virtual player on a tee ad- 
-.- dresses the ball L jaims at the direction of a green, and. 
hits the golf ball at his feet. He will not sense inopngruity 
with the gap between the two views displayed on the 
monitor 101a and 101 b that are : initially discontinuous. 
. F)9: J 8 shows a display control means 13. that corrects 
a front view that is close to the virtual player: Take an 
example of a close front view, for example, that spreads 
out in the direction of a cup from the virtual viewpoint of 
_the virtual player standing on a green. In the reai world, 
a player on a green hits a golf ball so as to get it on a 
straight line that connects the golf ball at his feet with 
the cup. Accordingly, the player will sense incongruity if 
a front view and an underfoot view are not continuous 
since he will not be able to aim at the straight line con- 
necting the golf ball at his feet with the cup. If the two 
views were not connected, the goif ball hit by a player 
goes out of the underfoot view and appears again in the 
front view after a short time. This situation brings the 
player incongruity. In order to avoid this situation, the 
display controlling means 1 3 displays a front view in the 
direction of a cup that connects with an underfoot view 
at the foot of the virtual player. Fig. 18A shows that an 
underfoot view from the virtual viewpoint connects with 
a front view from the virtual viewpoint 2. The viewpoint 
2 is located backward from the virtual viewpoint. Fig. 
18B shows that the front view from the viewpoint 2 is 
displayed on the monitor 101b and the underfoot view 
from the virtual viewpoint is displayed on the monitor 
1 01 a As explained above, the display control means 1 3 
switches the view-display modes for displaying views on 
the two monitors 101a and 101b in accordance with 
whether a front view is far from or close to the virtual 
player. This switching allows the player to enjoy the true 
charm of golf, in that he aims at a certain direction in 
which a golf ball should fly and hits the ball at his feet, 
without sensing incongruity between the views on the 
two monitors. 

[0074J The kind of the virtual club used can be select- 
ed with the club selection means 14. The selection is 
performed with the buttons 106 installed on the game 
device 100. Pushing an up button or a right button 
changes the virtual head from, for example, a 1-wood 
to 2-wood, 3-wood, etc. Pushing a down button or a left 
button changes the virtual head from a 3-wood to a 



2-wood, 1-wood, etc. The virtual club selection allows a 
player to enjoy the true charm of golf in that he can play 
with his favorite golf club. Who uses what kind of virtual 
club is preferably stored in the RAM 1 9 and is displayed 
5 on the monitor. The foregoing Fig. 14 shows that the 
player has selected a 1-wood. 
[0075] The head display means 1 5 specifies the game 
space coordinates (virtual position) of the virtual head 
and a twist angle of the virtual head. The game space 
10 coordinates of the virtual head will be explained first. 
The head displaying means 1 5 carries out a coordinate 
- transformation process that converts the sensor coordi- 
nates -of the light-emitting unit 205 installed in the grip 
200 into player coordinates, and then into game space 
15 coordinates. The game space coordinates Q° of the 
light-emitting unit 201 (herein after, referred as to the 
game space coordinates Q" of the grip 200) is stored in 
the RAM 19 temporarily. In addition, the head displaying 
means 1 5 specifies the inclination angle of the grip 200 
20 based on the acceleration data outputted from the ac- 
celeration sensor 202 in the grip 200. The inclination an- 
gle $ of the grip 200 is an angle at which the grip 200 
and x-z plane in the real space R are. The game space 
coordinates of the virtual head turns out to be a position 
25 where a straight line having the inclination angle <|> inter- 
sects with the ground in the game space G, wherein the 
straight line goes through the game space coordinates 
Q" of the grip 200. The game space coordinates of the 
virtual head are stored in the RAM 19. Fig. 19 shows a 
30 head position table stored in the RAM 19. This table 
stores the game space coordinates of the virtual head 
in a time series of a predetermined time period interval 
At. 

[0076] Next, the twist angle will be explained. The 
35 head displaying means 15 specifies a twist angle 9 of 
the grip 200 based on the acceleration data outputted 
from the acceleration sensor 202. The twist angle 9 is 
an angle at which the grip 200 rotates from the standard 
position around its longitudinal axis. The standard posi- 
*o tion is a position at which the inclinations of the grip 200 
against the x, y, and z axes have certain values. The 
virtual head of the selected virtual club is displayed by 
making a prospective-projection transformation based 
on the game space coordinate of the virtual head and 
^5 the twist angle e. The above-mentioned Fig. 14 shows 
an example of a screen that displays a virtual head when 
a player addresses and holds the grip 200 at the stand- 
ard position (the twist angle 0 = 0). When the twist angle 
G is zero, the face of the virtual head is almost perpen- 
50 dicular to the direction in which the golf ball should be 
hit. Fig. 20 shows an example of a screen that displays 
a virtual head of a 1-wood when a player holds and 
twists the grip 200 around the axis of the grip clockwise. 
Fig. 21 shows an example of a screen that displays a 
55 virtual head of a 5-iron when a player twists the grip 200 
a little. Fig. 21 shows that the virtual head displayed on 
the monitor rotates corresponding to the twist of the grip 
200. Fig. 22 shows an example of a screen that displays 
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a virtual head of a putter when a player holes without 
twisting the grip 200. 

[0077] The head displaying means 15 specifies the 
game space coordinate Q° of the virtual head and ob- 
tains the twist angle G' at predetermined time intervals, s 
e.g. every 1/60 sec. Accordingly, the movement of the 
virtual head controlled by the movement of the grip 200 
that the player manipulates is displayed on the monitor 
101a. This enables a player to swing the grip 200 with 
the feeling that an invisible shaft extends from the grip io 
200 and connects with the virtual head. 
. [00781 _On the other hand, a, player will sense inconVl 
i S/Hty ' f ^ e virtual head,ls..displayed as if it were always,- • 
... in contact with the ground.The.headdisplaying means. . 
.15 carries out the following process. The longerthe dis- js 
tancie between theV- z" plane position of the virtual J 
head and the player becomes, the higher the position of 
. : the.virtual head inlhey w axis d^ 

words, the head displaying means 15 raises the virtual ^ 
head upward in the game space G. In order to carry out 20 
this, process, the head display 15 calculates the game 
space coordinates, of the virtual head by utilizing the . 
length of the virtual club which is determined for every 
kind of virtual club in advance. For example* if the player 
inclines the grip 200 so that he can raise the vjrtuai head, 25 
the virtual head is displayed as if it h overt ng"above the 
ground. 

[0079] In addition, the head display means 15 may 
display the trajectory of the virtual head. Fig. 23 shows 
an example of a screen that displays the trajectory and 30 
the speed of the virtual head. The head display means 
15 specifies the trajectory of the virtual head based on 
the game space coordinates of at least two positions 
that are on the passage line of the virtual head. The 
speed of the virtual head may also be specified based 35 
upon the changes of the game space coordinates of the 
virtual head and displayed. 

[0080] The hit determination means 16 determines 
whether the player hits a golf ball. This determination 
may be carried out based on whether the game space 40 
coordinates of the virtual head and those of the golf ball 
come together. However, the determination is precise, 
and the player will often swing and miss, and will lose 
interest in the golf game. In particular, hitting the golf ball 
as hard as one can by swinging a driver seems to cause 45 
the problem. On the other hand, to detect any movement 
of the player and to reflect it in the golf game brings 
about results that the player may not have intended. Ac- 
cordingly, it is preferable to distinguish whether the play- 
er is intentionally making a swing in order to carry out so 
proper processes in accordance with the determination. 
In the present golf game system 2000, the following 
process for determining the player's intent is employed. 
[0081 ] Fig. 24 shows an example of how to determine 
whether the golf ball is hit. Fig. 24A shows the concept 55 
of hit determination when the virtual club is wood. Sup- 
pose that an imaginary circle extends around a golf ball 
within the game space G, the radius of the circle is r1 , 



and the area of the circle defines the hit area. The hit 
determination means 16 determines that the player is 
addressing the ball when a stay time is equal to or great- 
er than the prescribed stay time Ts1 . The stay time is a 
time period during which the virtual head is in the hit 
area. The hit determination means 16 determines that 
the player has hit the golf ball when the following four 
conditions are satisfied. (1 ) The virtual head goes out of 
the hit area after address, (2) the virtual head goes out 
of the hit area and passes through the hit area after ad- 
@) the tlme required for the virtual head to pass 
■*WjB^:thG. hit area is less than or equal to the pre- 
scribed passage time Tp, (4) the twist angle 9 during 
address is in the range of the prescribed twist angle, in 
other words, 91 ^ 9a ^ 92. Fig. 24D shows the p're- 
scri be^:tange of twist angle 9a at address. The values 
of 91 and 92 are set in consideration of the twist angle 
of th . e f SS e when a real golf player fades or draws. The 
twist angle 9a at address may be the average value of 
the twist angle 9 whose value changes while the virtual 
head is in the hit area. 

[0082] On the other hand, the hit determination 
means 1 6 determines that the player swung and missed 
if the distance between the trajectory of the virtual head 
and the golf ball is equal to or greater than the prescribed 
distance d1 (d1 < r1). The hit determination means 16 
carries out parallel translation of the trajectory so that 
the trajectory goes through the golf ball when the swing 
gap is less than the prescribed distance d1 . The parallel 
translation is along the longitudinal direction of the mon- 
itor 101a. If the value of the prescribed distance d1 is 
too high, it will bring the player incongruity. 
[0083] The radius of the hit area, the prescribed stay 
time Ts, and the prescribed passage time Tp may be 
changeable according to the kinds of the virtual clubs 
used in order to give the player a feeling of a natural 
shot. Fig. 24B shows an example of hit determination 
when the virtual club is an iron. The hit area is a circle 
with a radius r2 (r2 < r1 ) within the game space G. Pref- 
erably, the prescribed passage time Tp2 for an iron is 
longer that that for a wood (Tp2 > Tp1) and the pre- 
scribed distance for an iron d2 is shorter than that for a 
wood (d2 < d1 ). It is because that the swing speed of an 
iron is much lower than that of a wood, and the player 
will not miss the ball. The relationship between the pre- 
scribed stay time Ts2 for an iron and that for a wood 
(Ts1) is not particularly limited. The hit determination for 
an iron is carried out the same as with a wood. 
Fig. 24C shows the concept of hit determination for a 
putter. The hit area is a circle with a radius r3 within the 
game space G (r3 < r2 < r1 ). The relationship between 
Tp1 and Tp2 and the prescribed passage time Tp3 for 
a putter is preferably Tp3 > Tp2 > Tp1 . This is because 
the swing speed of a putter is slower than that of a wood 
and an iron. The prescribed distance d3 for a putter 
which corrects the swing gap may be zero because the 
player will not miss with a putter. The relationship be- 
tween Ts1 , Ts2, and the prescribed stay time Ts3 for a 
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putter is not particularly limited. The hit determination 
for a putter is carried out the same as for a wood, and 
a correction for a missed swing is not necessary. Here- 
inafter, Ts1 , Ts2, and Ts3 are expressed as the pre- 
scribed stay time Ts. Tp1 , Tp2, and Tp3 are expressed 
as prescribed passage time Tp. d1 ,d2 and d3 are ex- 
pressed as prescribed distance d. 
[0084] The sound control means 1 7 will output sound 
effect data to the speaker 32 that was read out from the 
semiconductor memory 4 for RAM 4. The sound effects 
can include, but are. not limited to, the sound of a ball 
flying through the- air ; the sound of applause or cheers, 
-etc^Because the sound .effects, vary with the: result of; 
-the hit determination; the realism of the golf game isim-- 

Iproved. T :tr.z: ..... _L. :: s ; : r... 

[0085] The status determination means 18 specifies 
the trajectory of the golf ball according to the hit deter- 
-mination; The ball trajectory ts:specified,based. on the 
direction of the trajectory of the swing and the twist angle 
0a at address. The status determination means 18 de- 
termines whether a player:hits^the golf ball within the 
time limit, and updates the life of each player at each 
hole. Moreover, the status determination means 18 de- 
termines whether the golf ball goes into a cup based on 
the calculation of the ball trajectory, and calculates the 
score of each player at each hole. In addition, the status 
determination means 18 converts a player's score at 
each hole into his life. Then, the status determination 
means 18 determines the order of the players based on 
the total score, that is, the sum of lives at all holes. 
[0086] In addition to foregoing process, the status de- 
termination means 1 8 moves the virtual player within the 
game space G according to the course being played and 
the position of the golf ball. The status determination 
means 1 8 can change the direction of the virtual player's 
view in response to a push of the buttons 106, and can 
change the direction in which the golf ball should be hit. 
For example, the status determination means 18 shifts 
the virtual player's view to the right side or shifts the ball 
direction to the right when the right button of the buttons 
106 is pushed. 

3-3. Process Flow 

[0087] Figs. 25 through 27 are flowcharts illustrating 
the flow of the overall processes in the present golf 
game system 2000. Below, details on the flow of the 
processes in the present golf game system 2000 will be 
explained with reference to these figures. 

3-3-1. Main Routines 

[0088] Fig. 25 is a flowchart illustrating the flow of the 
main routine of the present golf game system 2000. This 
routine is begun by a player inserting a coin into the coin 
deposit slot 108 in the game device 1 00. 
[0089] Step S1 : The player number selection means 
11 accepts the selection of the number of players. 



[0090] Step S2: The course selection means 12 ac- 
cepts the selection of a course which corresponds to 
each difficulty level. At this step, the "front nine" is de- 
termined according to the course selected. 
5 [0091 ] Step S3: The process at each hole of the 1 - 9 
holes of the "front nine" are carried out by a hole sub- 
routine. This process will be described in greater detail 
below. 

[0092] Step S4: The course selection means 12 ac- 
io cepts the selection of a course that corresponds to each 

difficulty level. At this step, the "back nine" is determined 
■ : according to the course selected. 
- [0093] Step S5: processes at each hole for 10 to 18 

hotes-of the "back nine" are carried out by the hole sub- 

.15 routine. - 

" [0094] Step S6: The status determination means 18 

determines the player's order based on the lifes of each 

hole, and displays the total score of each player and 

ends the game. 

20 

3-3-2 Hole Subroutine 

[0095] Figs. 26 is a flowchart illustrating the flow of 
the processes carried out in the hole subroutine. This 
25 routine is begun by step S3 or step S5 in the main rou- 
tine. 

[0096] Step S11: The display control means 13 dis- 
plays, on the monitors 101a and 101b, an under foot 
view and a front view. The front view is corrected as ex- 
30 plained above. 

[0097] Step S12: The club selection means 14 ac- 
cepts the selection of the virtual club with the buttons 
106. 

[0098] Step S1 3: The status determination means 1 8 

35 determines whether a player has hit the golf ball. This 
determination is carried out by a hit determination proc- 
ess that will be explained greater detail below. The sta- 
tus determination means 1 8 specifies the trajectory of 
the golf ball based on the trajectory of the virtual head 

io and the twist angle 6 a at address. Then the process 
moves to step S14. If the player has not hit the golf ball, 
the process moves to step S27. 
[0099] Step S14: The display controlling means 13 
switches the views according to a player's shot result. 

45 Take, for an example, a situation in which a virtual player 
standing on the tee and hits a golf ball with a driver. The 
display control means 1 3 switches the front view on the 
monitor 101b to a view from a position in the middle of 
the course where the golf ball lands. The display control 

50 means 13 also switches the underfoot views on the 
monitor 101a according to the terrain where the golf ball 
lands. The display control means 1 3 can switch the front 
view on the monitor 1 01 b to a view of a green when the 
golf ball gets onto a green. At the same time, the display 

55 control means 13 switches the underfoot view on the 
monitor 101a to a view of green-type grass. 
[0100] Steps S15, 16, 17: The status determination 
means 1 8 determines whether the golf ball has entered 
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a cup (S1 5). If it has not, the status determination means 
1 8 displays an instruction for the player to change (S1 6). 
If it has, the status determination means 18 determines 
whether ail players have ended the hole (S17), and if 
not, it instructs the player to change (S1 6). If all players 
end the hole, the process moves to step S18. In order 
to process the golf game smoothly, the instruction to 
change the player can be Issued after any one of players 
ends the hole, although this is different from the real 
rules of golf. 

[0101] Steps S18 to S24: The status determination 
means 18 calculates theplayera' Hve^sJter the hole has 
ended.: Suppose that each;- player's" initial life is, for ex- 
amplerS, when-a hole starts.-Any one of the players 
whose life has not been calculated yet is determined to 
be a process object(S1 8); and his life is updated based 
on his score at the hole (S1 9). If the score is a birdie and 
the Iffe.has decreased to: one point, : the. life, is updated 
to two. When the life becomes zero (S20), the status 
determination means 1 8 confirms whether the player 
will continue the game (S21). If the player will not con- 
tinue the game,. inother words, the player selects "game 
over", the status determination means 18 determines 
whether all players are "game over" (S22). If all players 
are "game over", the status determination means 18 
ends the game (S23), and displays the game result (S6). 
If the player's life is not zero, the player's life is zero but 
the player has selected "game continue" , or all of the 
players are not "game over", the status determination 
means 1 8 determines whether all of the players' lives 
has been calculated (S24). If not, the process moves to 
step S18 and the foregoing process is repeated. If all 
players' lives has been calculated, the process moves 
to step S25. 

[0102] Steps S25, S26: The status determination 
means 18 determines whether there is another hole. If 
the current hole is the last hole, i.e., the 18th hole, then 
the status determination means 18 determines "No", 
and moves to step S6. If the current hole is not the last 
hole, the status determination means 18 moves the 
game space coordinates of all the virtual players to the 
next hole (S26). 

[0103] Step S27 to S33: The status determination 
means 1 8 updates a player's life based on whether the 
golf ball is hit within the time limit for one shot. First, the 
status determination means 1 8 watches whether the 
golf ball was hit within the time limit (S27), then deducts 
one point from his life if it takes longer than the time limit 
(S28). Then, the status determination means S18 de- 
termines whether the player's life equals zero (S29). If 
the life is equal to zero, the status determination means 
18 confirms whether the player will continue the game 
(S30). If the player selects "game continue" (S30), the 
status determination means 18 resets the player's life 
and his time for the shot, and allows the player to try the 
same shot again (S31, S32). If the life is not equal to 
zero, the status determination means 1 8 resets the play- 
er's time and allows him to try the same shot again 



(S32). If a player's life equals zero and the player selects 
"game over", the status determination means18 deter- 
mines whether all players are "game over" (S33). If 
"Yes", the status determination means 18 ends the 
5 game and displays the game results (S23, S6). If "No", 
the status determination means 18 instructs the player 
to change (S16). In this way, the players who did not 
select "game over" can continue the game. 

io 3-3-3 Hit Determination Process 



[01 04] Fig. 27 is a flowchart illustrating the flow of the 

: - • hit determination process. This routine is begun at step 
S13 in the hole subroutine. 

*5. [0105] Step S41, S42: The hit determination means 

1.6_detects the newest game space coordinate Q" ofthe 

. . grip 200 (S41 ), and determines whether the virtual head 
is in the hit area (S42). If it is in the hit area, the process 
moves to step S43. If it is out of the hit area, the process 

20 moves to step S41 . 

[0106] Step S43: The hit determination means 16 de- 
termines whether the time that the virtual head has been 
in the hit area is or over the prescribed stay time Ts. This 
determination is carried out based on the head position 

25 table shown in Fig. 19. If "Yes", the process moves to 
step S44. If "No", the process moves to step S41 . 
[01 07] Step S44: The hit determination 1 6 determines 
whetherthe twist angle 6a at address is in the prescribed 
range (91 ^ 6a ^ G2). The value of 9 a is the average 

30 value of the twist angle which changes while the virtual 
head is in the hit area. If "Yes", the process moves to 
step S45. If "No", the process returns to step S41 . 
[0108] Step S45: The hit determination means 16 de- 
termines that the player has addressed the ball. 

35 [0109] Step S46, S47: The hit determination means 
1 6 waits for the virtual head to go out of the hit area. 
[0110] Step S48: The hit determination means 16 
waits for the virtual head to pass through the hit area. 
[0111] Step S49: The hit determination means 16 de- 

40 termines whether the time the virtual head takes to pass 
through the hit area less than or equal to the prescribed 
passage time Tp. If "Yes", the process moves to step 

550. If "No", the process returns to step S41 . 

[0112] Step S50: The hit determination means 16 de- 
45 termines whether the swing gap is less than the pre- 
scribed distance d. If "Yes", the process moves to step 

551 . If "No", the process returns to step S41 . 

[0113] Step 51 : The hit determination means 16 de- 
termines that the player hit the golf ball. 

so [01 14] In this way, the present golf game system 2000 
allows a player to swing the grip 200 with the feeling that 
the virtual head on the monitor 101a is connected with 
an invisible shaft extending from the grip 200. This sys- 
tem 2000 also allows a player to enjoy the true charms 

55 of golf, in that he sees the view displayed on the two 
monitors, aims at the direction in which a golf ball should 
travel, and hits the ball. 
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Other Embodiments 
A. A Tennis Game 

[0115] This invention can be applied to, for example, 
a tennis game system. The real interface device manip- 
ulated by a player is represented by a virtual tennis rack- 
et (hereinafter, referred to as a virtual racket) in the 
game space G. The virtual racket includes a virtual grip 
(a virtual contact unit) and a virtual racket face (virtual 
operation unit). A-tennis game system may employ the 
Configuration of the golf game system shown In Fig. 2. 
One monitor 23 Is utilized instead of the two monitors 
23a arid 23b. " - - - - * 

A-1 . An Exampleof The Tennis Game. System ... 

[0116] Fig. 28 is an oblique view of the. outward ap- 
pearance of the tennis game system 3000 in which fore- 
going game system 1 000 is employed. The tennis game 
system 3000 includes a game device 300, and a grip 
400 that serves as one example of a real interface de- 
vice 51 . The grip 400 may employ a configuration similar 
to that shown in Fig. 3. 

[011 7] A monitor 201 for image output is provided on 
the front portion of the game device 300 consoie. Light 
sensors 202a and 202b, which are only one example of 
light sensors included in the position detector 6, are in- 
stalled on the left and right upper portions of the conso le. 
The light sensors 202a and 202b detect light from the 
light-emitting unit installed in a predetermined position 
on the grip 400. Speakers 205a and 205b are installed 
on the left and right sides of the upper portion of the 
monitor 201 , and serve to output game background mu- 
sic and sound effect to the player. Buttons 206 are pro- 
vided on the front of the console, and allow the player 
to select menus that are displayed on the monitor 201 . 
A foot pedal 207 is provided at floor level at the front of 
the console. This foot pedal 207 is not essential to the 
invention. The buttons 206 are one specific example of 
the controllers 52 described above. A coin deposit slot 
208 is provided in the middle of the lower portion of the 
console. 

[0118] This tennis game system 3000 allows a player 
to swing the grip 400 and to play a tennis game with a 
competitor displayed on the monitor 201 . The conver- 
sion method used to convert the real space coordinates 
of the grip 400 into the game space coordinates is the 
same as that used in the first embodiment. In this tennis 
game system 3000, displaying a tennis ball is necessary 
but displaying the virtual racket that a virtual player ma- 
nipulates is not necessary. Hereinafter, the tennis game 
system 3000 in which a virtual racket is not displayed 
will be described. 

A-2. Process 

[01 1 9] The process that the CPU 1 0 performs will now 



be described. The CPU 10 includes player number se- 
lecting means 11, course selection means 12, racket 
calculation means instead of the head displaying means 
15, hit determination means 16, sound controlling 

5 means 17, and status determination means 18. The 
player number selection means 11 accepts the selection 
of singles or doubles from a player who manipulates the 
buttons 206. The course selection means 16 accepts 
the selection of difficulty level by pushing the buttons 

10 206. 

[0120] The racket calculation means determines the 
game space coordinates of the virtual racketface based 
on the real space coordinates of the grip 400. The game 
space coordinates of the virtual racket face can be co- 

is ordinates of a position at which a straight line having an 
- inclination angle $ intersects with the tennis court within 
. the game space G. The straight line goes through the 
game space coordinates of the virtual grip. The inclina- 
tion angle $ can be calculated in the same manner as 

20 in the first embodiment. The racket calculation means 
stores the game space coordinates in the RAM 1 9 over 
a predetermined time period At. In other word, the racket 
calculation means stores the swing trajectory of the vir- 
tual racket face over the period At. The swing trajectory 

25 is stored in a time series as game space coordinates 
that are taken every 1/16 sec, for example. 
[0121] The hit determination means 16 determines 
whether the player has intentionally swung the grip 400. 
This determination can depend on whether the swing 

30 speed of the virtual racket face is greater than a certain 
level. The hit determination means 1 6 may determine 
that the player has stroked or has volleyed in accord- 
ance with the swing trajectory. 

[0122] Moreover, the hit determination means 16 de- 

35 termines whether the virtual racket a player has inten- 
tionally swung has hit a tennis ball. This determination 
is carried out based on the trajectory of the tennis ball 
and the trajectory of the swing stored in the racket cal- 
culation means. 

40 [0123] The hit determination means 16 preferably 
considers the size of the virtual racket face in order to 
carry out the above-mentioned determination. The size 
of the virtual racket face is not necessarily the size of 
the actual racket face, and is set so as not to decrease 

45 the enjoyment of the game. The hit determination 
means 1 6 may also determine the position on the virtual 
racket face at which the tennis ball hits. 
[0124] In addition, the hit determination means 16 
specifies a twist angle 9 of the virtual racket face. The 

so twist angle 9 of the virtual racket face is an angle at 
which the virtual grip rotates from standard position 
around the longitudinal axis of it. The twist angle 9 can 
be specified the same as the first embodiment. If the 
twist angle 9 is out of the prescribed range, the hit de- 

55 termination means 16 determines that a player has 
swung and missed even though the trajectory of the vir- 
tual racket face hits the tennis ball. If the twist angle 9 
is in the prescribed range, the hit determination means 
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16 determines that the player has hit a drive or slice at 
the twist angle G. 

[0125] The sound control means 1 7 outputs sound ef- 
fect data to the speakers 105a and 105b in accordance 
with the hit determination result. 
[0126] The status determination means 18 calculates 
a trajectory of the tennis ball in accordance with the hit 
determination result. This calculation is carried out 
based on the swing direction and the twist angle 0. Ac- 
cordingly, if the player has hit a drive or slice, the trajec- 
tory of the tennis ball is effected by the player's manip- 
ulation/Moreover,- the status determination means- 16 
specifies the ball speed or the ball power in accordancer 
with the swing speed. The ball speed or the power may 
be changeable in accordance with the position of the^ 
.. .virtual racket face at which the tennis ball has hit. 
[0127] In addition to. these processes, the status de- 
termination means 18 allows the virtual player to move 
close to the net when the foot pedal 207 is stepped on. 
Accordingly, the game system 3000 allows the virtual 
player to' attack by serve and volley or to volley by mov- 
ing from the base line to the net. Fig. 29 shows an ex- 
ample of a screen in which the virtual player plays on- 
the base line. Fig. 30 shows an example of a screen in 
which the virtual" player moves forward by stepping on 
the foot pedal 207. Both screens display the view .from 
the viewpoint of the virtual player within the game space 
G. 

B. Other Games 

[0128] Above-mentioned embodiments describe the 
present invention with respect to a golf game and a ten- 
nis game. However, the present invention is not limited 
to golf games and tennis games. Examples of the 
games to which the present invention may be applied 
are cricket, gate ball, polo, baseball, ping-pong, badmin- 
ton, fishing, and other games similar thereto. 

C. Programs and Recording Media 

[01 29] Software programs that execute the aforemen- 
tioned game method on a computer are included in the 
scope of the present invention, as too are computer- 
readable recording media on which the programs are 
recorded. Computer- readable recording media include, 
but are not limited to, floppy disks, hard disks, semicon- 
ductor memory, CD-ROMs, DVDs, magneto-optical 
disks (MOs) and other computer-read/writeable record- 
ing media that would allow the aforementioned software 
programs to be stored thereon. 
[0130] This application claims priority to Japanese 
Patent Application No. 2001 -322621 . The entire disclo- 
sure of Japanese Patent Application No. 2001-322621 
is hereby incorporated herein by reference. 
[0131] While only selected embodiments have been 
chosen to illustrate the present invention, it will be ap- 
parent to those skilled in the art from this disclosure that 



various changes and modifications can be made herein 
without departing from the scope of the invention as de- 
fined in the appended claims. Furthermore, the forego- 
ing description of the embodiments according to the 
present invention are provided for illustration only, and 
not for the purpose of limiting the invention as defined 
by the appended claims and their equivalents. 



10 Claims 



1.- : A game device in which a real interface device op- 
~- " erated by a player within a real space is represented 
by a virtual interface device in a virtual space, 
"wherein the virtual interface device in the game de- 
vice^ncludes a virtual contact unit and a virtual op- 
eration unit, the virtual contact unit being a portion 
of the virtual interface device that a virtual player 
who manipulates the virtual interface device con- 
tacts in order to operate the virtual interface device, 
and the virtual operation unit being a portion of the 
virtual interface device that manipulates an object 
operated by the virtual interface device, the game 
device comprising: 
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position detection means for detecting the po- 
sition of the real interface device within the real 
space, wherein the real interface device has a 
form similar to the virtual contact unit; 
conversion means for converting the detected 
real position of the real interface device into a 
virtual position of the virtual contact unit within 
the virtual space; 

calculating means for calculating the virtual po- 
sition of the virtual operation unit based on the 
virtual position of the virtual contact unit; and 
operating means responsive to said calculating 
means for moving the virtual operation unit 
within the virtual space so that its movement 
*o follows the movement of the real interface de- 

vice within the real space, by repeatedly detect- 
ing the real position, converting the real posi- 
tion into a virtual position of the virtual contact 
unit and calculating the virtual position of the 
virtual operation unit. 

2. The game device set forth in claim 1 further com- 
prising: 
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display means for displaying the virtual opera- 
tion unit; and 

position determining means for determining a 
display position at which the virtual operation 
unit is displayed by utilizing the display means, 
based on the virtual position of the virtual oper- 
ation unit. 

3. The game device set forth in claim 2, wherein the 
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real interface device and the virtual interface are 
configured to be somewhat long, and 

the game device further including twist detect- 
ing means for detecting a twist angle at which the 
real interface device rotates from the standard po- 
sition around the axis of the real interface device; 
and 

the operating means displays by utilizing the 
display means the virtual operation u nit of the virtual 
interface device that rotates at the twist angle 



5. The game device set forth in claim 2, wherein the 
game device is a golf game device, and further com- 
prising: 

front displaying means for displaying scenery 
in front of the player, wherein 'front 1 is the direc- 



display controlling means for displaying an un- 
derfoot view and a front view by utilizing the dis- 
playing means and the front displaying means, 
wherein the views are from the virtual player's 
viewpoint (hereinafter, virtual viewpoint) that is 
calculated based on the virtual position of the 



virtual contact unit; and 

view controlling means for shifting a viewpoint 
for catching the front view from the virtual view- 
point, wherein the shift is executed whether the 
5 front view that is to be displayed by utilizing the 

front display means is close to or far from the 
virtual player. 

8. The game device set forth in claim 1 , wherein the 
10 position detecting means further comprising: 

at least a pair of light-detecting means for de- 
tecting light from light emitting means or light 
- reflecting means; and 
measuring means for measuring the position of 

the light emitting means or the light reflecting 

means and outputting the measurement result 
" to the conversion means; 

20 wherein the light emitting means and/or the 

light reflecting means are installed on the real inter- 
face device. 

9. The game device set forth in claim 1 , wherein the 
calculating means determines the virtual position of 
the virtual operation unit by regarding it as a position 
at which a straight line intersects with the ground of 
the virtual space; 

wherein the line goes through the virtual po- 
sition of the virtual contact unit, and is at an angle 
(hereinafter, virtual inclination angle <(>) with stand- 
ard plane in the virtual space. 

10. The game device set forth in claim 9, further com- 
prising: 

inclination detecting means for detecting a real 
inclination angle between the real interface de- 
vice and the standard plane in the real space; 
and 

the calculating means calculates the virtual po- 
sition of the virtual operation unit by regarding 
the real inclination angle detected as the virtual 
inclination angle <|>. 

11. The game device set forth in claim 10, wherein the 
inclination detecting means calculates the real in- 
clination angle of the real interface device based on 
signals outputted from an acceleration sensor in- 
stalled in the real interface device. 

12. The game device set forth in claim 1, further com- 
prising: 

55 trajectory storing means for storing the virtual 

positions of the virtual operation unit taken at 
predetermined time intervals A T^ 
area determining means for determining 



around the axis of the virtual interface device. 



4. the game device set forth in claim 3, wherein the 
twist .detecting means calculates the twist angle of 
tlie real interface device based on signals outputted 1$ 

frpm alteration Sensc^installedon the real infer- - 

face-device. ^ ~ 



tion in which the virtual player is to hit the bail; 25 
and 

the displaying means further displays scenery 
at the virtual player's feet. 

6. The game device set forth in claim 5, further com- 30 
prising: 

display controlling means for generating an un- 
derfoot view and a front view and for displaying 
them by utilizing the displaying means and the 35 
front displaying means, wherein the views are 
from the virtual player's viewpoint that is calcu- 
lated from the virtual position of the virtual con- 
tact unit; and 

underfoot view storing means for storing an un- 40 
derfoot view whose resolution is higher than 
that of an underfoot view generated by the dis- 
play controlling means; and 
the display controlling means controls the un- 
derfoot views so that the underfoot view stored 
in the underfoot view storing means is dis- 
played on behalf of the underfoot view gener- 
ated by the display controlling means. 

7. The game device set forth in claim 5, further com- 50 
prising: 
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the trajectory of the virtual operation unit in the 
hit area based on the data stored in the trajec- 
tory storing means, when the operation deter- 
mining means determines the player has ma- 
nipulated the object; and 
trajectory calculating means for calculating the 
trajectory on which the object has moved, 
based on the trajectory of the virtual operation 
unit and the twist angle detected. 



10 



16. The game device set forth in claim 1 3, wherein the 
— operation determining means determines the play- 
er has manipulated the object, when the distance 
between the trajectory of the virtual operation unit 

is and the object is within an allowable range and the 
passage time is or under the prescribed passage 
- - . Tp.... 

17. A game method employed in a game device in 
20 which a real interface operated by a player within a 

real space is represented by a virtual interface de- 
vice within a virtual space, wherein the virtual inter- 
face device in the game device includes a virtual 
contact unit and a virtual operation unit, the virtual 
25 contact unit being a portion of the virtual interface 
device that a virtual player who manipulates the vir- 
tual interface device contacts in order to operate the 
virtual interface device, and the virtual operation 
unit being a portion of the virtual interface device 
30 that manipulates an object operated by the virtual 
interface device, the game method comprising the 
;of: 



detecting the position of the real interface de- 
35 vice within the real space, wherein the real in- 

terface device has a form similar to the virtual 
contact unit; 

converting the detected real position of the real 
interface device into a virtual position of the vir- 

40 tual contact unit within the virtual space; 

calculating the virtual position of the virtual op- 
eration unit based on the virtual position of the 
virtual contact unit; and 
moving the virtual operation unit within the vir- 

45 tual space based on the calculated virtual po- 

sition so that its movement follows the move- 
ment of the real interface device within the real 
space, by repeatedly detecting the real posi- 
tion, converting the real position into a virtual 

50 position of the virtual contact unit and calculat- 

ing the virtual position of the virtual operation 
unit. 



whether the newest virtual position of the virtual 
operation unit stored is in a hit area in which the 
object operated by the virtual interface device 
exists; 

stay determining means for determining wheth- 
er the virtual operation unit has been consecu- 
tively existing for prescribed stay time Ts or 
more, based on the virtual positions stored, 
when the newest virtual position of the virtual 
operation unit exists in the hit area; and 
addressing means for determining that the 
player is addressing 1he-bal1 when; the virtual 
operation unit has been in consecutive exist- 

ence in the hit area.for.th0 prescribedstay time 

Ts or greater. 

13. The game device set forth in claim 12, further com- 
prising: - ' - • - ■ 

-passage determining means for determining 

whether the virtual operation unit has passed 
through the hit area when the player has ad- 

-dressed the ball; 

speed determining means for determining 
whether passage time is less than op equal to 
the prescribed passage time Tp, when the vir- 
tual operation unit has passed through the hit 
area; 

operation determining means for determining 
whether the player has manipulated the object 
by the virtual interface device, when the pas- 
sage time is or under the prescribed passage 
timeTp. 

1 4. The game device set forth in claim 13, further com- 
prising: 

trajectory determining means for determining 
the trajectory of the virtual operation unit in the 
hit area based on the data stored in the trajec- 
tory storing means, when the operation deter- 
mining means determines that the player has 
manipulated the object; and 
trajectory calculating means for calculating the 
trajectory on which the object has moved, 
based on the trajectory of the virtual operation 
unit. 

15. The game device set forth in claim 13, wherein the 
real interface device and the virtual interface device 
is configured to be somewhat long, and the game 
device further comprises: 

twist detecting means for detecting a twist an- 
gle at which the real interface device rotates 
from standard position around the longitudinal 
axis of the real interface device; 
trajectory determining means for determining 



16. A computer program product for use in a game de- 
55 vice in which a real interface operated by a player 
within a real space is represented by the virtual in- 
terface device within a virtual space, wherein the 
virtual interface device in the game device includes 



35 



EP1 306112 A1 



36 



a virtual contact unit and a virtual operation unit, the 
virtual contact unit being a portion of the virtual in- 
terface device that a virtual player who manipulates 
the virtual interface device contacts in order to op* 
erate the virtual interface device, and the virtual op- 
eration unit being a portion of the virtual interface 
device that manipulates an object operated by the 
virtual interface device, the program product com- 
prising program code means which, when loaded 
into a computer causes it to execute the steps of: 

- detecting the-position of the real interface de- 
vice within the real space, wherein the real in- 

_ . Jerface device. has ,.a form similar to. the virtual.. 

contactunit; 

converting the detecting real position of the real 
: ht interface device into a virtual position of the vir- 
tual contact unit within the virtual space; 
calculating the virtual position of the virtual op- 
eration unit based on the virtual position of the 
virtual contact unit; and 
moving the virtual operation unit within the vir- 
tual space based on the calculated virtual po- 
sition so that its movement follows the move- 
ment of the real interface device within the real 
space, by repeatedly detecting the real posi- 
tion, converting the real position into a virtual 
position of the virtual contact unit and calculat- 
ing the virtual position of the virtual operation 
unit. 



tion unit within the virtual space so that its 
movement follows the movement of the real in- 
terface device within the real space, by repeat- 
edly detecting the real position, converting the 
s real position into a virtual position of the virtual 

contact unit and calculating the virtual position 
of the virtual operation unit. 
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19. A computer system for implementing a game, the 
computer system comprising: 

a real interface device to be operated by a play- 35 
er within a real space and configured to have a 
form similar to a virtual contact unit; 
position detection means for detecting the po- 
sition of the real interface device within the real 
space; 40 
means for generating a virtual interface device 
which includes the virtual contact unit and a vir- 
tual operation unit, the virtual contact unit being 
a portion of the virtual interface device that a 
virtual player who manipulates the virtual inter- 
face device contacts in order to operate the vir- 
tual interface device and the virtual operation 
unit being a portion of the virtual interface de- 
vice that manipulates an object operated by the 
virtual interface device; so 
conversion means for converting the detected 
real position of the real interface device into a 
virtual position of the virtual contact portion 
within the virtual space; 

calculating means for calculating the virtual po- 55 
sition of the virtual operation unit based on the 
virtual position of the virtual contact unit; and 
operating means for moving the virtual opera- 
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